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BACKGROUND OF THE INVENTION 
Field of the Invention: tJUL 
The present invention relates to a fue^jbatteiy-in which foci gas and 
<^ oxidizing agent gas are used as reaction gases and also relates to a separator for 

the fueLbaaery md a manufacturing method of the separator. 

Technical background: 

Disclosed in Japanese Patent Laid-open Publication Nos. 8-507402 and 
H-126621 is a fuel.baSe^Tin which fuel gas and oxidizing agent gas are used as 
reaction gases. The foel^battery is composed of a plurality of cell function 
assemblies arranged in parallel and fastened by a plurality of mounting bolts 
through a pair of spaced current-collecting plates made of condnctrve material 
S and a pair of spaced insulation support plates. The cell function assemblies 

m each arc in the form of a cell function assembly 10a as shown in Fig. 1. The 

fU function assembly 10a is composed of a set of spaced solid electrolytic 

M membranes 14, two pairs of electrode plates 13a, 13b adhered to opposite 

% surfaces of each solid electrolytic membrane 14, and a set of three separators 15 

iJ assembled to retain the solid electrolytic membranes 14 in position. The 

separators 15 are adhered to one another by means of an adhesive agent such as 
S: epoxy resin and fastened by mounting bolts through a pair of spaced 

m currem-coUectmg plates U and a pair of spaced insulation support plates 12. 

C3 In the fueJ^battStt the separator 15 is, in general, made of conductive 

C3 material such as carbon resistant to oxidation-reduction atmosphere caused by 

chemical reaction ofthe reaction gases. The separators 15 are arranged to form 
reaction chambers Rl, R2 for chemical reaction of the reaction gases in the cell 
function assembly 10a and to derive an electric power generated at the electrode 
plates 13a, 13b to the exterior. The separator 15 has a flat plate portion 15a 
forming the reaction chambers R.I, R2 and a plurality of columnar projections 
15b in contact with the electrode plates 13a, 13b. 

For manufacture of the separator 15, an expensive carbon block 
of predetermined thickness is used as a material of the separator 15. In a 
manufacturing process of the separator 15, the carbon block is machined by 
cutting at one side or both sides thereof to form the columnar projections 15b of 
separator 15. As the catting process of the carbon block is time-consunung, the 
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manufacturing cost of the separator 15 becomes very expensive, for exanq,^ 
several ten thousand yea per one Piece. Due to such expensive manufactunng 
cost, use of this kind of fuelJSto^may not be widely popularized. 

As the separator 15 in the fuel-ba8«y-is conductive m rts entirety 
the components of cell function assembly 10a are electrically connected. For 
this reason, an electric power may not be generated at different voltages in the 
fuelbatfefy. 

It is, therefore, a primary object of the present invention to reduce 
the inamjaptunng cost of me separator as lower as possible for providing mis 
kmd of^rue^^rteries at a low cost. 

A secondaiy object of the present invention is to provide this kind of 
fuel capable of generating an clcctnc power at diflerent voltages in a 

range from a high voltage to a low voltage. 

DISCLOSURE OF THE INVENTIOl^^ 
The present mvention relates to a fuelfeattery of the type in which fuel 
gas and oxidtpng agent gas arc used as reaction gases and relates to a separator 
for the fuel b&eiyand a mmufactnring method of the separator. 

?5 a separator in accordance with the present invention comprises a flat 

« plate arranged to form a reaction chamber, a plurality of projection projected 

from the flat plate and retained in contact with an electrode plate of the fuel 
j&^wherein the proj ections are made of a conductive material different from 
°^ the material of the flat plate and mdependendy from the flat plate. 

In the separator, the projections may be made of carbon or in the form of 
an insulation plate. The projections may be also made of synthetic resin, m the 
form of a conductive plate or made of synthetic resin containing carbon. 

Since me separator is composed of the flat plate of synthetic resin and 
me projections of pressed carbon powder mounted to the flat plate thercacross, 
the separator can be mannfactored m a smuile manner at a low cost winiout use 
of any expensive carbon block and without the cutting process rcmured for 
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m^nu^tarc of a conventional separator. This J^seful to pre 
-ttstteiyat a lower cost than a conventional fhel battejy-of this kind. 



provide the fiiel 



A fuel^tery in accordance with the present invention is composed of 
one or a plurality of cell function assemblies arranged in parallel, wherein the 
cell function assembly comprises an electrolytic memhrane, a pair of electrode 
plates in contact with opposite surfaces of the electrolytic membrane, a first 
separator placed in contact with one of the electrode plates .to form a reaction 
^ chamber supplied with fuel gas, a second separator placed-**" contact with the 

other electrode plate to form a reaction chamber supplied with oxidizing agent 
k gas, and a set of current-collecting plates assembled respectively in contact with 

the first separator at an outermost side of the cell function assembly and the 
% i second separator at another outermost side of the cell function assembly; and 

m wherein Ac separator in accordance with the present invention is used as die first 

rU and second separators. 

^ As the inexpensive separator isra^d in the fiiel battery ; 

1 1 the manufacturing cost of the fiiel fea&aycan be reduced in comparison with the 

*D conventional fuelA*§£^of this kind. 

^ In the fuel battery in accordance with the present invention, the electrode 

plate and the current-coUecting plate can be formed as a single flat plate or 
O formed in a divided condition in a longitnd^ direction or width directi 

In the case that a separator with an insulation flat plate is used as 
the separator in the fuel-bale^ the current-collecting plates each may be divided 

^ into a plurality of spaced plates. To correspond with the current-collecting 

plates, the electrode plates each may be divided into a plurality of spaced plates 
in a longimdmal direction or width direction of the electrolytic membrane. In 
the fuel ba&esy; a plurality of cell function portions are formed in an electrically 
separated condition. In the case that die cell fimction portions are electneagy 
connected in an appropriate manner in the interior or exterior of the fiiel batteryj- 

^ an electric power can be generated at different voltages from a lower voltage to a 

higher voltage. 
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A first manufacturing method of the separator in accordance with 
the present invention comprises a first process of pressing carbon powder to form 
the projections, a second process of coating a sealing adhesive agent on a flat 
plate of synthetic resin, and a third process of assembling the projections with 
a plurality of mounting holes formed in the flat plate in position. 

A second manufacturing method of the separator in accordance with 
the present invention comprises a first process of heating carbon powder 
containing a binder under pressure to form the projections, a second process of 
coating a sealing adhesive agent on a flat plate of synthetic resin, and a third 
process of iw«m™*e the projections with a plurality of mounting holes form in 
the flat plate and securing the projections in position. In the manufacturing 
method, the projections can be heated by an electric current applied thereto to 
melt the binder contained therein and hardened by cooling. 

A third roanm%cturing method of the separator in accordance with the 
present invention comprises a first process of pressing carbon powder containing 
a binder to form the projections, a second process of assembling the projections 
with a plurality of mounting holes formed in a flat plate of synthetic resin, and a 
third process of heating the projections under supply of an electric current to melt 
the binder contained therein and cooling the projections to harden them in 
position. 

A fourth manufacturing method of the separator in accordance with the 
present invention comprises a first process of pressing carbon powder to form the 
projections under pressure, a second process of coupling the projections within 
corresponding recesses formed in each cavity of molding dies and clamping the 
molding dies, and a third process of injecting melted synthetic resin into the 
cavity of the molding dies in a clamped condition. In the fourth manufacturing 
method, a binder may be contained as a forming material in the carbon powder, 
and the carbon powder may be heated under pressure to form the projections. 

A fifth manufacturing method of the separator in accordance with the 
present invention comprises a first process of filling carbon powder containing a 
binder in a plurality of upward recesses formed in a lower molding die in such a 
manner as to correspond with the projections, a second process of positioning a 
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flat plate formed with a plurality of through holes n the lower molding die in 
such a manner mat the through holes of the flat plate are opp sed to the upward 
recesses of the lower molding die and positioning an upper molding die formed 
with a plurality of downward recesses on the flat plate so mat the downward 
recesses of the upper molding die are opposed to the upward recesses of the 
lower molding die, and a third process of pressing the carbon powder filled in the 
upward recesses of the lower molding die toward the upper molding die by 
means of pressure means disposed in each bottom of the upward recesses so that 
the projections are formed across the through holes of the flat plate, of heating 
under supply of an electric current to melt the binder contained in me projections 
and of cooling the projections to harden them in position. 

With the marmfhcturing methods described above, a separator composed 
of a flat plate of synthetic resin provided with a plurality of projections made of 
carbon can be manufactured at a low cost 

BREIF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. I is a vertical sectional view of a portion of a conventional 

fuel battery; CuM^ 
Fig. 2 is a perspective view of an embodiment of a fuetbatteiy 

in accordance with the present invention; (LtJUL- 

Fig. 3 is a vertical sectional view of the fuel baSfcy taken along 
line X - X in Fig. 2; 

Fig. 4 is a perspective rawillustrating a separator and a pair of support 
frames assembled in the fuel baStwy shown in Fig. 3 ; CjlX£ 

Fig. 5 is a perspective view of another embodiment of a fuel battery 
in accordance with the present invention; Q^jUl 

Fig. 6 is a sectional view of me fuel fejttsy taken along line Y- Yin 

Fig- 5; 

Fig. 7 is a perspective view fflustraring a set of separators, a set ot 
electrolytic membranes, a^et of electrode plates and a pair of support frames 
assembled in the fuel safety shown in Fig. 5; 

Fig. 8 illustrates a manumcturing process of the separator in accordance 
with the present invention; 

Fig. 9 illustrates a process for forming projections of the separator 
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in accordance with the present invention; 

Fig. 10 illustrates a mounting process f projections of Ac separator, 
Fig. 1 1 illustrates a process for forming projections of the separator 

on the flat plate; and 

Fig. 12 illustrates another process for forming projections of 

the separator on the flat plate. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

First cambodimenl of Fiiel battery: (joJt/Z 
Illustrated in Figs. 2 and 3 is a first embodiment of a fuel battel 20A in 
6^ accordance with the present invention, in which hydrogen gas is usedas^giel gas 

r and air is used as oxidizing agent gas. Assembled in the fudJgfpT20 are 

^K3 separators in accordance with the present mvemion. The fiiei:^Ky 20A is 

composed of a plurality of cell function assemblies 20a arranged in parallel and 
rU fastened by a phiralrty of mounting bolts 23 through a pair of spaced 

% current-collectmg plates 21a, 21b made of conductive material such as stainless 

?U steel and a pair of spaced insulation support plates 22 made of synthetic resm 

% J such as polypropylene. 

\t As shown in Fig. 3, the cell function assemblies 20a each are composed 

" of a set of spaced solid electrolytic membranes 24, two pairs of electrode plates 

£3 25a, 25b adhered to opposite surfaces of each solid electrolytic membrane 24, a 

6 set of three separators 26 and a set of six support frames 27 assembled to retain/ 

° the solid electrolytic membranes 24 and separators 26 in position. In the 

respective cell function assemblies 20a, me solid electrolyte membrane 24 is 
made of ion-exchange resin such as Nation (a trade name of a polymer made by 
du Pon) me electrode plates 25a, 25b each are in the form of apcrous conductive 
plate made of carbon fabric with platinum catalyst deposited therein, and the 
support frame 27 is in the form of an msulation frame made of synthetic resm 
such as polypropylene. 

The separator 26 is in the form of a rectangular flat plate 26a provided 
with a number of projections 26b. The flat plate 26a is in the form of 
an msulation plate made of synthetic resin such as polypropylene, and the 
projections 26b each are in the form of a conductive pillar body made of pressed 
carbon powder. The projections 26a are mounted within a number of mounting 
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hoi,* in Ibe flat plate 26a and secured to the flat plate 26. m a condition where 

same long* fto. opposite surfaces of tne M pi* 26a 
«g. 4, d. separattr 26 has • fuel ^ U* W. «« 
_ffl„r „w 7<s« far oroviding a supply passage P J of tuei gas, a 
ZT^ J^V^IT^^ of flatplate 
afcZ^P^ageofto&eleas. The separator 26is fur*er J"™"™*" 
It 26dl 5 oxidising agent gas fonned in a right-band P™»£g£ 
M , for providing a supply passage P3 of oxidizing age* gas, 
of (he oridmng agent gas formed in a left-hand potnon of flat plate 26a for 
© - . n^idiziiifi aftent mi an inlet hole zoei ox 

^ JniaB P5 of cooling water, and an outlet hole 26e2 of cooling water 
"-ZedTie^aoa lower ^ of flat plate 26a for provide a discharge 
passage P6 of cooling water. 

The support frames 27 each are m the form of a rectangular flat plate 
fonned at i^tral portion with a square opting 27a and fern ed , outer 
„ ftrr inn with inlet and outlet holes 27b 1, 27b2 ot ruei gas 
^utly ^PO^g^ the inlet and outlet holes 26.1. 26c2 of fuel gas 
SZ^^Jfe, inlet and outlet holes ^J^f^^TtSti 
L respectively corresponding with the inlet and outlet holes 26dl, 26d2 of 
oSdSgTg Jgas^brTed in me separator 26, and inlet and outlet holes 2161, 
27d2Tcooling water respectively corresponding with the inlet and outlet holes 
26eU 26e2 of cooling water formed in the separator 26. 

The inlet and outlet holes 27b 1, 27b2 of luel gas arc fitted wim 
the corresponding inlet and outlet holes 2*1. 26c2 *» j^"*"^ * 

for prov^me supply passage PI and exhaust passage P2 ******* * C 
iulet outlet holes 27cl, 27c2 of oxidizing agent gas are fitted wxth *e 
coLoonding inlet and outlet holes 26dl, 26d2 of oxidizing agent gas m the 
epX^Tfor providing the supply passage P3 and exhaust passage P4 of 
oSgagentga^. Similarly, the inlet and outlet holes 27 dl , 
water are fitted with the corresponding inlet and outlet holes 26el, 2£2 of 
cooling water in the separator 26 for providing the supply passage P5 and 
discharge passage P6 of cooling water. 
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The cell function assemblies 20a each include two sets of 
electrode plates 25a, 25b respectively adhered to two spaced solid electrolytic 
membranes 24 and three separators 26 winch are jdternately arranged and 
supported by six support frames 27. Thus, the fuel oHfery 20 A is composed of 
a plurality of the cell function assemblies 20a each provided with a pair of 
current-collecting plates 21a, 21b and arranged in parallel between the support 
plates 22. 

In the respective cell function assemblies 20a, the space between 
the solid electrolytic membranes 24 is subdivided by the flat plate 26a of the 
interim separator 26 into reaction chambers Rl and R2. The reaction chamber 
Rl is exposed to the electrode plate 25a and supplied with fuel gas such as 
hydrogen gas, while the reaction chamber R2 is exposed to the electrode plate 
25b and supplied with oxidizing agent gas such as air. The space between the 
left-hand solid electrolytic membrane 24 and the left-hand support plate 22 is 
subdivided by the flat plate 26a of the left-hand separator 26 into a reaction 
chamber Rl which is exposed to the electrode plate 25a and supplied with the 
fuel gas, while the space between the right-hand solid electrolytic membrane 24 
and the right-hand support plate 22 is subdivided by the flat plate 26a of the 
right-hand separator 26 into a reaction chamber R2 which is exposed to the 
electrode plate 25b and supplied with the oxidizing agent gas. The space 
between the separators 26 positioned at one sides of the cell function assemblies 
20a adjacent to each other is formed as a cooling chamber R3 which is supplied 
with cooling air. The projections 26b of the interim separator 26 are retained in 
contact with the electrode plates 25a and 25b opposed to one another through the 
opening 27a of support frame 27. The projections 26b of the left-hand separator 
26 are retained in contact with the electrode plate 25a and the left-hand current 
collecting plate 21a at their opposite ends, while the projections 26b of the 
right-hand separator 26 are retained in contact with the electrode plate 25b and 
the right-hand current collecting plate 21b at their opposite ends. 

When the fuel battery 20A is not used, as shown in Fig. 2, the supply 
passage PI and exhaust passage P2 of fuel gas. the supply passage P3 and 
exhaust passage P4 of oxidizing agent gas and the supply passage PS and 
discharge passage P6 of cooling water each are closed by closure pings 28. In 
use of the fnel-hatlB» 20^ the closure plugs 28 are removed to open fbe 



9 



pi Pfi And the inlet ports of supply passages PI, P3 and P5 
respective passage PI -P6, and *cmi«po wa tcr, 

are connected to supply sources £ |^? 0 A is used under supply of 
^ respective*. In such £ D 23 function assemblies 20a. 

the hydrogen gas, air and cooling water mto tne ceil tuncu 



Tn the fuel £u^y 20A, the hydrogen gas is supplied into the reaction 

~* ^^of ^=n P Lel^ ".S the supply 
reaction chambers R2 ot tne ecu p4 cooling water is 

T^ITX^TT^^ ***** v-* «• ^ 

;a me supply [»ss«e ro ™* * chambers R.1 and R2 causes 

- ^Tr^^r^™'oM electee membranes 24 to 

an oadab^-rearemm reacfor, ttnougD 25b . The 

- 1-™ r^h^»^^^enbaocedby=«pl«i»na 
' ^^r^ bW 20A. toe cett ^ 

a ^JT^^TL c~Ung — ^ mto me coohng 

5 chamber K3 through the air supply passage P5. 

5 Since the separators assembled >» the 6ielbatt*y *>A «** m 

v T% *.TatTlate 26a of synthetic rata and me projeehons 26b of 

composed of me flat plate 26a _ol ssmnu*. as described 

pressed e^pov^r D o»^mtea 1 pl^ 2« 

tbo «be separattrs 26^* m^med m. amp^ ^ ^ ^ 
^ t ^rXmnrco^ooa. sep»ato. This is useM to provide 
R Sef ^^TTlower cost than a conventional me, battery of mis type- 
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^ Second embodiment of Fuel ua**y : % a ^ £^ 20B 

£ niusfcatcdinFigs. 5 and 6™nd ^OB.^drogen 

^ in accordance with the P^t mvenuo* ^TU-A *• 26 * 

gas is used as fuel gas, the misused as oxidizmg^ ^ m the fuel 

So^ce with the P^^^ o r^5 rLl^OBis 

S^OA of the « -^^^S^ ™ ^ ged ta Pan,nCl ^ 
composed of a plurality of cell function _ 21a4 nght^iand 

coaenl-collcctmg plates 21bl - 21 ^J* P plura iity of mounting bolts 
plates 22 which arc fastened m place by ' « are made of 
23. The current-collecting plates 21aL - ^4 aad Zlbjy^ ^ 

conductive ferial such « — ^^"S resin such as 
embodiment, and the support plates 22 are maoc 

polypropylene. 

• c « fi «nd 7 the cell function assemblies 20b each are 
As shown m Figs. 6 ^ d 7 '^™ 24, four electrode 

composed of a set of spaced solid ^^^^ ud clectrolya c 

plates 25al - 25a4 adhered "J^*^^* each right-side 
n^branes 24, four ^ctrode^ 25bl 2^4adh 26jandasc t 

membranes 24 and separators 26 in position 

T„ me fuel b&et 20B, me current-coUectmg plates 21al -21a4 21bl - 
In me fuel battery z , cunent^Uecting plates 21a, 

21b4 are made of^ same material as fcat ot electrolytic 
2 lb in the fuel b» 20 A and divided ^ofoux^ m ^ 

^l^ -tltTthe same material as that of the <l«^de^tes 25a, 
^ I^TiSL 20A and divided into four pieces, respectively. In a 
^ 1 ^ J^Tl^^ 2*1 - 25a4 and 25b 1 - 25b4 have been 

condition where m ^ to the cuircru-collecung 

Mtfil MB is ft. ^ - <* *• «■» 20 A ' 



f,,^ assembly 20b are refined in contact ™ih the *^*^*£7 
SJ^d^STl 25b4 adhered to opposite surfaces of each soUd decW^c 
"^We 24 to provide four independent ring* ^ ^^^^ 
sets of curat collecting plates 2lal, 21*1; 2Jf£ 2"* 21a3. 2lb3, 21a4 21» 
rTMLlslB Thus, in the fuel-feaewy an electric power cm be 
« X£fjTl£S J ^current coneenng pUKs and can be opdonaUy 

^^eoTaWen, vottage by appropn*e electnc co~ o£ »cb. set of 
the current-collecting plates. 

ITirst mariufacturing method of Separator] 
The separator 26 can be manufactured at a lower cost less than 
the conventional separator for the following reason. As shown in Fig. 8. the 
S3 • rla^rS is manned by a fust process of formmg the projections 26b 

3 Jd^esTure, a second process of coating a sealing adhesive agent on opposite 

ii! surfaces of the flat plate 26a of synthetic resin preliminary formed m 

ll ^orated flat plate, and a thud process of assembling the projecaons 26* wr* 

C3 a^mbcr of mounting holes of the flat plate 26a thercacross so that the 

f« projections 26b are secured by the adhesive agent in position. 

: . hi the rnaruuactudng processes, carbon powder of less than 100 umia 

0 Po^isuseds.anuiixria^^ 

fU Lssure of from 500 kgfW to 5000 IcgfW to form projections 26b tor 

« SLple, of 2 mm in diameter and 3 mm in length. The Aatpf 

1 PxZinarily prepared by an injection forming process and xs * c 
SleThZ 26cl - 26el, outlet holes 26c2 - 26e2 and the mounting holes for 
engagement with the projections 26b. The flat plate 26a is made of synthetic 
rXuch as polypropylene and prepared in the form ofa square msulatLon plate 
of 1. mm in thickness and 150 mm in width. The mounting holes for 
engagement with the projections 26b may be formed during the forming process 
oVthc flat plate 26a or formed by drillmg after the forming process of theflat 
plate26a. The flat plate 26a may be made of synthetic «sm containiisg carbon 
powder. In such a case, the flat plate 26a becomes conductive. 

The sealing adhesive agent is used to secure the projections 26b 
assembled with the mounting holes of flat plate 26a in position m an au-ught 
manner, ft i 5 , therefore, preferable that the adhesive agent is coated on opposite 
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surfaces of the flat plate 26a and inner peripheries of the mounting holes. As 

sccurcu iu lu. — o plate 26a is prepared 

without the mlet holes zoci - xoei wm «uuv 

^ formed with me inlet holes 26c 1 -26el and outlet holes 26c2 - 26e2 after 
me projections 26b have been secured thereto. 

rSecond manufacturing method of Separator] 

^second manufecturmg method of the separator 26, carbon powder 

co^ai^isus^^ "LTs 
^Soring method is substantially the same as the first ^atn^ctarmg 
^od, me carbon powder is pressed under a mednxm pressure at aroom 
temperature during the first forming process of the projections 26b, and the 
SXTc™ powder is rnolten by heat during the ^ J"^ 
Zstrated in Fig. 9 is a press-fonning device which includes a die 3 1 filled w*b 
^carbon powder containing the binder, a -punch 32 for ~ * 
powder, and means for applying an electric current between the die 3 1 and punch 
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m the manufacturing method, a thermoplastic binder of phenol resin is 
used as the binder. In such a case, the carbon powder is uniformly ^ ™* 
me binder of 10 - 20 % by weight and pressed under a medium pressure of ftom 
50 kgf/cm2 to 500 kgfW at a room temperature during which an electnc 
current of 20A to 50 A is applied at a voltage of 12 V between the die 3 1 and 
punch 32 for one second. In this instance, the binder n, carbon powder y 
Lltedin a moment and hardened by cooling immediately after the supply of ^ 
electric current is stopped. With the manufactunng method, the projections 26b 
can be formed under a lower pressure than the forming pressure m the first 
manufacturing method. 

[Third manufacturing method of Separator] 

m a third raaroifacturing method of the separator 26, carbon powder 
^attjning a binder is used as a material of the projections 26b. m this case, the 
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separator 26 is manufactured by a first process of forming the projections 26b 
separator zo f * ssemb l v the projections 26b with a nnmber 

under pressure, a second process ot assemmy me 

of mounting holes formed in a flat plate 26a of synthetic resin and securing the 

pi^oTm position, and a third process of heating the 

Counted to the flat plate 26a so mat the binder in projections 26b xs melted by 

heat 

m the manufacturing method, for example, a thermoplastic binder of 
nh«ol resin is used as the binder. In this case, the carbon powder is pressed 
tZ Tn^uTp^e of from 50 KgW ^00 ^,^ 
temperature during me first process, and as shown in Fig. 10, ** 
IZtfed to the flat plate 26a are placed between a pair of electrode plates 33* 
3 3b and applied with an electric current of from 5 A to 20A at a vouageofl2V 
per one projection for one second, m this instance, the bmderm projection 26b 
TmdtJ in a moment and hardened by cooling immediately ate the supply of 
the electric current is stopped. With the nWactunng memod, fee ^J c ^ 
26b of the same strength and hardness as those of the projections m the first 
manufacturing method can be formed without any use of a sealing adhesive agent, 
and the mounting strength of the projections 26b is enhanced. 

[Fourth manufacturing memod of Separator] 

L a fourth mamrfacmring method of the separator 26, carbon powder 
cor^aimng a binder is used as a material of the projections 26b. In this case, the 
separator 26 is maruuactured by a first process of pressing the carbon powder to 
foL the projections 26b under pressure, a second process ofoouplmg the 
projections 26b within corresponding recesses formed in each cavrty of mokhng 
52 and clamping me molding dies, and a third process of rnjectmg melted 
synthetic resin into the cavity of the molding dies in a clamped condition. 

During the first process, the carbon powder is pressed under a high 
pressure of from 500 kgf/cm 2 to 5000 kgfW at a room temperature During 
the second process, as shown in Fig. 11, the projections 26b are coupled withm 
me corresponding recesses 34al formed in a lower molding die 34a of, . ^molding 
device 34 and an upper molding die 34b is placed on the lower molding die 34a 
in SU ch a manner that me projections 26b are coupled within the corresponding 
recesses 34bl formed in the upper molding die 34b. In such a condition, the 
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a *Ah *« damned During the mird process, thermoplastic 
molding dies 34a and 34b * mjected from an injection 

^ such as ^ l >f^ le f^^ f device 34. Thus, the flat 

molding machme 35 mto a cavity 34c of ^^ «£ molding device 34, and 
«lnte 26a of synthetic resin is formed m the cavity oi ™ »-6 
Co^T^ - formed with the flat pta. 26* 

, . fH __j flat plate 26a during the forming process 01 u« 

be tntegrally tonned with of mounting holes in me flat plate 26a and 

plate 26a without forming a numberof manufacturing method, 

without use of a sealing « ^ carbon powder 

the carbon powder is used without crariainiug * fc such a 

containing a binder may be used as a material of the separator 26. m 
Tase, the carbon powder is formed by heat-pressing as m the second 
manufacturing method 

rr * ^ '.rT^^t - « — - - •» 

SSrt ^projection, 2«b, a second process of po sttonmg £ «« 
r^SLd wr» .Mr of throng* holes on ft. '""^^ 
«L , m<nmer that me itaough holes of the flat plate are opposed to me ^w«J» 
e^oTllding me.andathrrdproces, "W^^rw 
to rbe recesses of the lower molding die toward m upper ™^™'J*™^ 
of pressure piston, deposed in each bottom of the recesses so that the P™£*°£ 
^aTformed acrosVthe tough holes of me fit plate and of teatmgme 
^onT^by supply ofaneleetneorrrentto melt the binder conned » 
the projections 26b. 

Illustrated in Fig. 12 is me third process in which a molding device 35 is 
used to uC£*nn *e projections 26b with the flat plate ^ ^ ^ 
rvice 35 .imposed of a lower molding die 35a, an upper molding (he 35b a^i 
oevice *~ disnosed in each bottom of upward recesses 

a plurality of pressure pistons 35c deposed m eaon me 
35al formed in the lower molding die 35. In the inanuia«u««i5 
jaai xomicu. , . gji-d m me upward recesses 35al of 

Carbon powder conhunmg me hinder is nuea m me 
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lower molding die 35a during the first process. Dunng the second process *e 
r^lT 2tois positioned on the lower molding die, and the upper rnoldmg die 
flat plate 26a is position ccmditioo where a plurality of downward 

26al opposed to me upward recesses 35al of lower molding die 35. 

During the third process, me pressure pistons 35c are moved ^ under 
LnmD * , «T ^ aTfv , T1 tjowder filled in the recesses 35al of lower 

pressure to press upward the carbon p^d« ^ca ^tro**** into the 

elding die 35a so *at ^^^Z^ ™ *** 
downward recessesSSbl of upper rnoldmg diej3D ^ 35bl of 

mate 26a. to mis instance, the carbon powder m the recesses 35al, ^ 

mt molding dies 35a and 35b is pressed under pressure to Wj 
^ec^eb^ssing through the holes 26al 
SeprLf^mmgt effected under a medimn pressure of from 50 
^"a^TrTm temperature. After the press-f arming, an ^electric cmrentof 
SaTo 50 A is appUed between the lower and upper rnoldmg dies 

,1 _ ,,7^ on e t>roiection 26b for about one second. At mis stage, 
a voltage of 12 V perone .project > moment and hardened by 

^acX £h*2 projections 26b can be 

^HeHSout coupling with the through holes 26al of flat plate 26a. The 
plate 26a ™*™JT streagm ^ hardness as those of the projections 
SruSrthc ^ ^ under alower pressure 

than mat in the first xnanufacturing method. 
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